This present work addresses research on the discovery of new compounds from natural sources. It is based on a study of Mangifera indica leaf metabolism by the Tropidacris collaris grasshopper. We found that the grasshopper hydrolyzed the flavonoid isoquercitrin to quercetin when the O-glycosidic bond was broken and sugar released as a probable energy source for the insect. There was not, however, hydrolysis of the major compound in the leaves, mangiferin, which contains the C-glycosidic bond. All compounds were isolated and their chemical structure determined by UV, IR, MS, 1 H and 13 C NMR.
The use of natural products obtained from various sources, mainly plants, for diverse purpose is as ancient as human civilization [1a] . There are about 200,000 plant secondary metabolites already isolated that are evolutionarily interacting with biological targets [1b] . These are key players in the search for new drugs and agrochemicals. Ample use of natural products is made by the pharmacological and agrochemical industries. Both need constant innovation, given the rise of resistance in their target organisms [1c] . Thus there is a need for a constant and continuing renovation of our understanding of compounds. Since plants are the main source of natural products, phytochemical studies are crucial to the discovery of new compounds with benefits for human health [1d] . An alternative to the discovery of biologically active natural products with low toxicity is the chemical study of plant tissues metabolized by insects. An example is larvae of Heraclides brasiliensis that biotransform4-nerolidylcatechol, a natural antioxidant and insecticide from Piper umbellata leaves, into a new natural product, E-2,3-dihydro-3-(3,4-dihydroxyphenyl) -farnesoic acid [2a,b] . The biotransformed compound is less toxic and more polar than 4-nerolidylcatechol. Moreover, the antioxidant activity of the extract from the metabolized P. umbellata leaves is higher than that of the non-metabolized leaves. As part of our systematic study of the metabolism of leaf tissues by insects [2c], in the present work we address the metabolism of Mangifera indica leaves by the grasshopper Tropidacris collaris. Previous studies have shown the presence of polyphenolic compounds such as mangiferin, catechins, quercetin, kaempferol and rhamnetin in M. indica tissues [3a,b] . These compounds have functional groups that may undergo chemical modifications during insect digestive processes, significantly altering the biological proprieties of plants.
In order, to obtain chemical profiles of metabolized (feces of grasshoppers) and non-metabolized leaves from M. indica, the fecal and leaf extracts were analyzed by LC/MS and HPLC, and the major compounds were isolated by chromatographic procedures and analyzed by NMR spectroscopy. The major compounds isolated and identified in M. indica leaves were the xanthonemangiferin (1) and the glycosylated flavonoid isoquercitrin (2), as previously described [3c]. Fecal extract chromatograms indicated the presence of an additional peak 3 relative to those of leaf extracts and indicated the absence of isoquercitrin.
The compound corresponding to peak 3 was isolated and purified. The UV, IR and NMR spectroscopic data of compound 3 matched those of quercetin [3e], as did the ESIMS [3f]. Considering the chemical similarity of compounds 3 and 2, as well as the absence of compound 2 in the fecal extract, compound 3 was considered as the product of biotransformation of compound 2 by the grasshopper. Additionally the extract obtained from the grasshopper digestive system was analyzed by LC/MS and proved to be identical to the chemical profile of the fecal extract.
The biotransformation observed involves hydrolysis via either α-glucosidase or β-glucosidase, commonly found in the digestive track of herbivorous insects. Another important observation was the lack of hydrolysis of the major compound from M. indica leaf tissues, mangiferin, during the insect digestive processes; this compound is also glycosylated, as compound 2.
The grasshopper hydrolyzes isoquercitrin because the O-glycosidic bond is easily hydrolyzed by either acid or enzymatic means. Mangiferin is a C-glycoside, generally resistant to acidic, basic, and enzymatic hydrolysis. The hydrolysis of mangiferin with cleavage of the C-glucoside has been observed by incubating mangiferin in the presence of a mixture of bacteria isolated from human feces [3d] . In recent years, T. collaris has become an increasingly recurrent and widespread pest, causing serious damage to mango, coconut, avocado, banana, cotton, lime and rubber crops. However, the results obtained here show that the grasshopper does not hydrolyze mangiferin, which is important in the search for an insecticidal compound against T. collaris, as well as other insect species. The ecological and physiological aspects of isoquercitrin hydrolysis by the grasshopper have not yet been elucidated. However, the biotransformation of compound 2 to compound 3 can have big benefits for the insect, as there is a release of sugar and thus a possible sugar source for the grasshopper.
Experimental
General: NMR, Bruker DPX-300;CC, silica gel (70-230 mesh) and silica C 18 ; TLC, Silica gel 60 PF254;LC/MS were obtained in a Waters Quattro II triple quadrupole mass spectrometer operating in positive ion mode and a Lockspray interface for accurate mass measurements. The experimental conditions used were: probe NPC Natural Product Communications 2015 Vol. 10 No. 11 1809 -1810 1810 Natural Product Communications Vol. 10 (11) 2015 Silva et al. electrospray tip voltage 3.5 kV; cone voltage 25 V; nitrogen for both the bath and nebulizing gas, flowing at 345 L/h and 27 L/h, respectively. HPLC analysis of extracts and pure compounds was performed with a Shimadzu chromatograph model SCL-10A with UV-VIS detector, using a C 18 column (25 cm x 4.6 x 5 µm). Elution was carried out in a isocratic gradient methanol:water (1:1). The flow rate was 1 mL/min; injection volume 20 μL; UV scan, 200-400 nm, and all chromatograms were obtained at λ max = 254 nm.
Plant material: Fresh M. indica leaves were collected from a fragment of the Atlantic Forest located on the campus of the Federal Rural University of Pernambuco (UFRPE) in Recife, Pernambuco, Brazil. The plant was identified by Dr Margareth F. de Sales of the Department of Biology of UFRPE and a voucher specimen was deposited in the Vasconcelos Sobrinho Herbarium.
Insect material:
The adult grasshoppers were collected on the campus of UFRPE and identified by Dr Argus Vasconcelos de Almeida (Department of Biology, Federal Rural University of Pernambuco). The grasshoppers were cultivated in cages in the University's Entomology Laboratory (Department of Biology), maintained on a diet of M. indica leaves for several generations under an artificial light regime (17 h light-7 h dark) at a temperature of 29 ± 2ºC and relative humidity of 70 ± 10% to obtain the fecal material. Voucher specimens of T. collaris were deposited in the same laboratory, which contains a grasshopper collection. The grasshoppers were maintained without food for 48 h before extraction and analysis of their digestive systems.
Extraction:
The dried feces (70 g) and leaves (300 g) were powdered and extracted with ethanol at room temperature. The maceration was realized for 72 h and then the solvent was filtered and concentrated in vacuo to yield the crude extracts of feces (4.9 g) and leaves (15.1 g). The LC/MS and HPLC analyses of the extracts from insect and plant materials were carried out at a concentration of 2 mg/mL in MeOH.
Isolation of compounds 1-3:
The fecal extract (3 g) was dissolved in methanol, followed by successive partitions with n-hexane (3 x 400 mL) and ethyl acetate (5 x 500 mL). The resulting ethyl acetate fraction (1 g) obtained was subjected to column chromatography (60-120 mesh silica gel) and the column was eluted with solvents of increasing polarity using n-hexane and ethyl acetate. The eluents were collected in fractions of 50 mL each resulting in 24 fractions. Fractions 20 to 24 were combined and subjected to C 18 column chromatography, eluting with a mixture of water/methanol 1:1 isocratic, to give mangiferin 1 (8 mg) [3g], isoquercitrin 2 (5 mg) and quercetin 3 (4 mg) [4] .
